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Introduction
In RAN#94-e the WID for Rel-18 IoT NTN was agreed [1] and in RAN#98-e it was updated [2]. The updated objectives of the WID is the following: 
	4.1.1	IoT-NTN Performance Enhancements in Rel-18 to address remaining issues from Rel-17
This work considers Rel-17 IoT-NTN as baseline as well as Rel-17 NR-NTN outcome and the further IoT-NTN performance enhancements objectives are listed below:
-	Disabling of HARQ feedback to mitigate impact of HARQ stalling on UE data rates [RAN1,RAN2]
-	Study and specify needed improved GNSS operations for a new position fix for UE pre-compensation during long connection times and for reduced power consumption. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed. [RAN1, RAN2]
· NOTE: The need for RAN4 Core requirements for this objective will be identified after the conclusion on the need for improvements.

4.1.2	Mobility enhancements
The following mobility enhancements objectives are listed.
-	Support of neighbour cell measurements and corresponding measurement triggering before RLF, using Rel‑17 (TN) NB-IoT, eMTC as a baseline. [RAN2]
-	Support signalling in system information of neighbour cell ephemeris, for eMTC and NB-IoT [RAN2]
-	Re-use the solutions introduced in Rel-17 NR NTN for mobility enhancements for eMTC, with minimum necessary changes to adapt them to eMTC [RAN2]
· Define UE RRM core requirements for the above mobility enhancement features [RAN4].

4.1.3	Further enhancement to discontinuous coverage
-	Study and specify, if needed, mobility management enhancements and power saving enhancements for discontinuous coverage, taking into account the conclusions from the SA2 study FS_5GSAT_Ph2.  [RAN2, RAN3].



In this contribution we discuss issues related to measurements of neighbouring cells, signaling of neighbour cell ephemeris for IoT NTN and RLF procedures.
Discussion
In Rel-17 IoT NTN was introduced with minimal enhancements for mobility purposes. The idea was that mobility enhancements would not be crucial for a first release due to the use case being to deliver small amounts of IoT data. In Rel-18 the use case is for an IoT UE to be connected for a longer time. Regarding performing neighbour cell measurements, there are two objectives considered that are different. One is supporting conditions for performing neighbour cell measurements as those introduced for Rel-17 NB-IoT, the other is supporting the actual signalling as required by RAN4 for neighbour cell measurements in NTN. 


Neighbour cell ephemeris signaling
In RAN2#120 [3] the following was agreed in RAN2 for Rel-17 IoT NTN:
Agreements:
1. RAN2 doesn’t introduce neighbour cell ephemeris in Rel-17 IoT-NTN, neither for eMTC not for NB-IoT. RAN2 agrees to support this in Rel-18, with details FFS.

Furthermore, there were an e-mail discussion in [POST121][105][IoT NTN Enh] Neighbour cell assistance information (Qualcomm) to discuss possible content of cell assistance information and whether this should be included in a an existing or new SIB. 
The suggested proposals for this discussion were the following:
	Proposal 1 In addition to ephemeris and optional epoch time of the satellite associated with a neighbor cell, following parameters can be optionally broadcast as neighbor cell assistance information:
        - (15/18) Validity duration.
        - (15/18) Common TA parameters.
        - (12/18) For fixed cell, cell start time.
        - (9/18) FFS, cell stop time for fixed cell.
        - (8/18) FFS, reference location and distance threshold for moving cell.
Proposal 2 (15/18) In SIB, list of neighbor satellites is provided. For each satellite, list of frequencies/cells is included. FFS on clarification of the absence case of ephemeris and frequencies/cells.
Proposal 3 (14/18) Introduce satellite ID for the satellite in a list.
Proposal 4 (17/18) New SIBxx is introduced to broadcast the neighbor cell/satellite information.



First, we believe that it should be agreed that a new SIB should be introduced for IoT NTN. This because there are SIB size restrictions which would make it challenging to fit a number of neighbouring satellite elements in SIB31. Furthermore, adding to the size of the old SIB will affect Rel-17 UEs that do not need to read the neighbouring satellite elements. This would especially problematic since these UEs are expected to be connected for a shorter time, potentially in a radio-environment that does not lend itself well to larger data rates, which are expected to be the use case of Rel-18 IoT NTN. This is also natural as most SIBs are centered around information elements for a UE to measure neighbouring frequencies, such as inter-frequencies, inter-RAT etc. Therefore we would like to confirm:
Proposal 1: Introduce new SIB to broadcast neighbour cell/satellite information.
In the e-mail discussion there were discussions on content in the new SIB. One specific part that was discussed was that on validity duration. A majority of companies believe that the validity duration can be introduced per satellite. However, we believe that there may be some issues with this. 
In IoT NTN for the serving cell, there is only one validity duration. This validity duration may for instance be updated when performing a handover to another cell. One issue with this, is that it would not be clear how to handle such a validity duration. For instance, if there are multiple satellites, this means that there are multiple validity duration timers. This leads to unnecessary complexity. In NR NTN, there may be multiple validity duration timers, but for IoT NTN where a UE cannot be expected to be able to read any system information while in connected mode, this cannot be left to UE implementation. This is similar to how the uplink sync validity timer functions where re-acquiring the NTN SIB (SIB19 in NR NTN) is more left to UE implementation while it is specified in IoT NTN. The reason for that is that the UE cannot be expected to read system information by implementation. Thus we think RAN2 needs to discuss more details on how the validity duration will function for the purpose of measuring neighbouring cells. 
Observation 1: A validity duration per satellite/ephemeris element may bring considerable complexity for an IoT device. 
Proposal 2: RAN2 to discuss details on how validity duration for neighbouring cells for the purpose of measuring shall function, given IoT limitations. 
The core of the issue of the validity duration for neighbouring cell ephemeris for the purpose of measurement comes down to ensuring that a UE measures using updated ephemeris. This can potentially be ensured by a number of ways: 
1. One validity duration per satellite/ephemeris element. The pros and cons are described above. 
2. One validity duration for the new SIB containing the neighbour cell ephemeris. This would simplify UE operation as only one timer needs to be maintained. 
3. No validity duration for the new SIB, but read the new SIB upon SIB31 uplink sync validity duration expiry. 
4. The UE only acquires the new SIB once. This can for instance be when connecting to the cell if the UE is capable of reading the new SIB. 

We propose that RAN2 discuss the different options on how to deal with the validity duration for the new SIB. 
Proposal 3: RAN2 consider different options on validity duration for neighbouring cells: 
				a. Validity duration per satellite/ephemeris
				b. One validity duration for the new SIB containing the neighbour cell ephemeris
				c. No validity duration for the new SIB, use SIB31 uplink sync validity duration to read new 				SIB.
				d. The UE only acquires the new SIB once. This can for instance be when connecting to 					the cell is the UE is capable of reading the new SIB. 

For the target cell neighbour cell ephemeris for eMTC, there are also some other considerations needed. In IoT NTN Rel-17, the target cell ephemeris is sent with SIB31 as part of RRCConnectionReconfiguration along with the handover command (mobilityControlInfo) so that IoT NTN UE does not have to read any SIB in connected mode except as indicated by T317. This is because the UE should be configured with all system information required for operating in that cell, so that UE does not need to acquire any system information when having connected. This implies that the new SIB (if agreed) should be included in the handover command to the UE. If the target cell neighbour cell ephemeris is included in a handover command, it is likely that the handover command may become prohibitively large. 
To solve the above problems, we think that the solution can be that a UE acquires the neighbour cell ephemeris in the cell that it is connected to. This is also motivated by the fact that acquiring neighbour cell ephemeris may not be crucial at the first moment when connecting. It is further motivated by the fact that the moment when a handover is performed may not be the optimal moment to deliver large amount of data. 
Options can be that a UE acquires the target cell neighbour cell ephemeris for measurements by reading the system information after having connected to the target cell or via dedicated signalling. 
Proposal 4: Target cell neighbour cell ephemeris for measurements is acquired in target cell when a handover is performed. Reading broadcasted SIB or dedicated signaling can be considered.
Neighbour cell measurements triggering
While it is clear that neighbour cell measurement enhancements shall be supported for NB-IoT, whether it is supported for eMTC is still an open issue. In RAN2#121 the issue was further discussed without a conclusion [4]. In the table 1 below, we consider the arguments for and against introducing the measurements regardless of whether this is considered to be supported by the wording in the WID. 
Table 1. Pros and cons of measurements based on NTN-conditions. 
	
	Reasons for introducing the enhancements
	Arguments for
	Arguments against

	NB-IoT
	Triggering neighbour cell measurements when needed in non-terrestrial network to make RLF-based mobility more efficient
	- The current neighbour cell measurement criteria is unlikely to function well in a non-terrestrial network
- There are no connected mode neighbour cell measurements in NB-IoT NTN 
	- With traffic model of small packets it is likely that mobility may not be needed in most cases
- Neighbour cell measurements may take a lot of time

	eMTC
	Power savings as UE does not have to perform neighbour cell measurements in some cases. Compared to Rel-17, which has no standard-supported neighbour cell measurements, this may bridge the gap to rel-18 with neighbour cell measurements. 
	- Triggering neighbour cell measurements with specific conditions can support energy savings
	- eMTC connected mode mobility is not based on RLF, but rather handovers 
- Connected mode measurements are configured dedicatedly, thus the network may only configure neighbour cell measurements when deemed needed



One further benefit of introducing the measurement triggering for eMTC is that the power saving of performing measurements can be reduced. This is especially important as neighbour cell measurements are not standard-supported in Rel-17. This means that the if neighbour cell measurements are introduced by acquiring neighbouring cell ephemeris for Rel-18, then there is a risk that the power consumption compared to Rel-17 will be a lot larger. 
Observation 2: Trigger-based neighbour cell measurements can bridge the increased power consumption in Rel-18 compared to Rel-17. 
Proposal 5: Introduce the same measurement triggers as for NB-IoT for eMTC, but for power saving purposes.
For an NB-IoT UE to perform neighbour cell measurements will be a rather time-consuming process involving performing lengthy measurements that in some cases may take a very long time. The UE may also have to acquire neighbour cell ephemeris and synchronize to the moving neighbouring cells to measure them. In many use cases, performing these measurements will not be necessary as the most common IoT use case is to deliver very small packets. Thus to enable power savings, it should be possible for devices to not perform these actions in an NTN network even if the conditions as RAN2 are currently discussing are fulfilled. Thus we propose that RAN2 should consider other conditions for not considering to perform neighbour cell measurements. 
Proposal 6: RAN2 to consider use case-based / traffic-based conditions for not performing neighbour cell measurements.
RLF procedures
The main mechanism for performing connected mode mobility for NB-IoT is through RLF and subsequently the RRC re-establishment procedures. The RRC re-establishment procedures allow for a UE to re-establish its connection to a cell, that may be the same cell or a new cell. During the re-establishment procedure, if the an eNB has the UE context, then the UE does not need to be reconfigured. If an eNB does not have the UE context then there are two alternatives, either the eNB replies with an RRCSetup or the eNB may request the UE context from the eNB that the UE was connected to in the previously. This procedure will be greatly useful for the RLF procedures in an NB-IoT Non-Terrestrial Network.  All together this can be seen in Figure 1.
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Figure 1. RRC Re-establishment procedures. 
The enhancements that are currently being discussed with regards to the neighbour cell measurements are targeted at improving the RLF procedures in NB-IoT NTN. In order to improve these procedures, we think that the handling of the UE context can also be improved. One such enhancement is that the UE Context is sent in advance from an eNB that is aware of the potential future eNBs that a UE will connect to after an RLF is triggered. Thus we propose that RAN2 discuss how to improve NB-IoT RLF procedures by sending the UE context in advance:
Proposal 7: RAN2 to discuss how to improve NB-IoT RLF procedures by sending UE context in advance.
Conclusion
In this contribution we discussed issues related to enhancements for neighbour cell measurements. We have the following observations and proposals:
Observation 1: A validity duration per satellite/ephemeris element may bring considerable complexity for an IoT device. 
Observation 2: Trigger-based neighbour cell measurements can bridge the increased power consumption in Rel-18 compared to Rel-17. 
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Proposal 1: Introduce new SIB to broadcast neighbour cell/satellite information.
Proposal 2: RAN2 to discuss details on how validity duration for neighbouring cells for the purpose of measuring shall function, given IoT limitations. 
Proposal 3: RAN2 consider different options on validity duration for neighbouring cells: 
				a. Validity duration per satellite/ephemeris
				b. One validity duration for the new SIB containing the neighbour cell ephemeris
				c. No validity duration for the new SIB, use SIB31 uplink sync validity duration to read new 				SIB.
				d. The UE only acquires the new SIB once. This can for instance be when connecting to 					the cell is the UE is capable of reading the new SIB. 
Proposal 4: Target cell neighbour cell ephemeris for measurements is acquired in target cell when a handover is performed. Reading broadcasted SIB or dedicated signaling can be considered.
Proposal 5: Introduce the same measurement triggers as for NB-IoT for eMTC, but for power saving purposes.
Proposal 6: RAN2 to consider use case-based / traffic-based conditions for not performing neighbour cell measurements.
Proposal 7: RAN2 to discuss how to improve NB-IoT RLF procedures by sending UE context in advance.
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